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3.1

i θi ∈ R3 j

sj( pj ∈ R3 qj ∈ R4)

Z X Y

2 2

θi = (0, 0, 0)

3.2

θi

C

(sj ,nj) P

(sj , c)|c ∈ {0, 1}3

3.3

p0 θi ( (1))

3:

CMA-ES[6]

minimize
p0,θ1,...θn

{T (p0,θ1, ...θn)

+D(p0,θ1, ...θn) +Q(p0,θ1, ...θn)} (1)

T,D,Q

3.4

2

3.4.1

0 i

fi ri(

) M g

(2)

n∑
i=0

Fi = Mg,
n∑

i=0

ri × Fi = O (2)

3

A MA 3

A i fAi

fAi rAi A

rgA τ



B A B

FI (3) (6)

∑
i

fAi +MAg + FI = 0 (3)

∑
i

fBi +MBg − FI = 0 (4)

∑
i

(rAi × fAi) + (rgA ×MAg) + τ = 0 (5)

∑
i

(rBi × fBi) + (rgB ×MBg)− τ = 0 (6)

F τ

3.4.2

[7]

(7)

T (θ, k1, k2, k3, k4) = ek1(θ−k2) − ek3(k4−θ) (7)

[7]

k1, k2, k3, k4

3.1

Z X

Y

i τ̂i (8)

( kix1 kix4 i

(X ) (7) (Z) (Y)

)

τ̂i =

⎛
⎜⎝

T (θix, k
i
x1, k

i
x2, k

i
x3, k

i
x4)

T (θiy, k
i
y1, k

i
y2, k

i
y3, k

i
y4)

T (θiz, k
i
z1, k

i
z2, k

i
z3, k

i
z4)

⎞
⎟⎠ (8)

3.4.3

|τi + τ̂i|2

wi

( (9) kpenalty

)

Econtact =
n∑

i=0

⎧⎨
⎩
kpenalty|fi| (fi · ni < 0)

0 (otherwise)
(9)

T (10)

T :=
n∑

i=0

wi|τi + τ̂i|2 + Econtact (10)

3.5

(sj ,nj)

(sj , c)

aj

D :=
∑

(sj ,n)∈C

{aj(pj − p0j) · n

|n| }

+
∑

(sj ,c)∈P

{aj(pj − p0j) · c} (11)

3.6

wpose

Q := wpose

n∑
i=0

|θ0i − θi|2 (12)

3.7

3.7

([8][9])

w 3.7

CMA-ES

16, σ = 0.3
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4:

(kg) 3.0 0.7 1.0 2.0 1.0 0.5

(kg) 6.0 7.0 7.0 6.0 3.0 1.0

1:

w 1.0 1.0 0.1 1.0 1.0 1.0

w 0.2 0.1 1.0 1.0 0.1

2:

16.7 102.6 3,6 2

CPU: Core i5 4210U 2.70GHz, OS : Windows

7 Professional 64bit, : 8Gbyte

4

4.1

4 6

A B

A B

8

A A B

B 5 Web

3DCG

5 -2, -1, 0, +1, +2

+2

0 T

0

4.2

110 5
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5:

1,2,3,5

1,2,5

5

1,3,4
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